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this way near the point of application and the utilization of a 
small charging current is highly economical, as the size of the 
conducting wires may be small. 





Isolated Lighting. 

A battery with a dynamo for supplying currents for lights 
in a private residence is economical, safe and reliable as has 
been demonstrated in a great many instances. The consumer 
becomcs independent of any mishap to dynamo or engine. 

Storage I tteries render lights steady. They are to dyna- 
mos what fly wheels are to engines. The light is unaffected b) 
the pulsations of engines and dynamos. 

BATTERIES AUXILIARY TO CENTRAL STATIONS. 

Storage batteries may be employed to advantage by utiliz- 
ing them lt s auxiliaries to a central station. They may be kept 
harged so that in the event of any accident their current may 
be us d until the damage is repaired. 




oht Propulsion, 

Storage batteries are effectively used in supplying motive 
m r boats. A boat fitted with cells will run with any 

desired speed for hours. 







p> 



e 



ratio 



n o 





ar 




icrna 




P 




e 



PPa. 



A large number of cells is now employed to operate bells 
on the Parish system. This system works with a closed circuit 
SO that the batter)- is continually supplying current. The circuit 
is so arranged that should a car break away from the train, ,, 
bell rings continuously until stopped by the engineer. Cells 
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specially fitted for this purpose will run a month or six weeks 
without recharging. 

The Supply of Current for Small Motors to Drive 
Ventilating Fans, Sewing Machines, etc. 

Two or three cells may be used to run a fan or sewing ma- 
chine for three or four weeks and then sent back to be recharged. 
The cost is much less than in the case of primary cells and the 
service is generally more satisfactory. 

BURGLHR 7*LH 

Burglar alarms actuated by the storage system require less 
attention. The user knows how long his cell will last before 
requiring recharge, which can be accomplished in a few hours. 

Mrdical Purposes. 

Storage batteries will be found more economical and more 
convenient for medical purposes, as they have a larger capacity 
than primary batteries of the same size. They may be used 
with induction or medical coils, for running motors to drive 
frictional machines. They are found very effective for heating 
cautery knives, one cell taking the place of several primary 
cells. They are readily portable. There is no liquid to change, 
no electrode to remove; when discharged they can be easily 
recharged electrically without soiling the hands or clothes. 

Street Car Propulsion. 

The peculiar construction of the Detroit Storage Battery 
Cell renders it well suited for any work where it is liable ti 
encounter concussions. There is no doubt that street car 
propulsion is to be effected in the near future by storage cell 
Old street cars may be fitted up for the storage battery and 
motor system. There is no cutting up of the track, no ei 
head conductor, or traveling block to fall and frighten nervous 
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Current for lighting or power is available after steam is 
-hut off. 

They provide an independent and portable power for pro- 
pelling street cars, boats and carnages. 

They are practicable for lighting railway coaches. 

As they a portable any hall may be lighted for a singl 

evening. 

A truck may c rry a permanent battery, motor, tools and 
men. thus taking power to the work, in the place of work to 

the wer. 

Repairs ma_ be made on the spot with dispatch. Tearing 

out or disconnecting circuits may often be prevented, as solder- 

ig or welding can be done from wire leading from the truck. 

Th. afford a convenient power in innumerable places 

where none other uld be tory. 

- 

They are absolutely necessary for the development of elec- 
tric lighting, which, like a -r syste 1, needs a reservoir for 
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¥0 PURCflftJSEl^S m JSTO^eE bjwferiejs. 

We assert without hesitation that the Detroit Storage Bat- 
tery will stand tests without the slightest impairment of its life 
or efficiency, which would utterly ruin any other storage bat- 
tery now made. 

It can be suddenly called upon for almost unlimited power, 
without danger of buckling short-circuiting, or displacing a 
particle of the active material contained in the plate. 

We feel confident that the life of the Detroit Storage Bat- 
tery is far beyond that of any other now in existence, that it is 
the most economical for all purchasers, in fact no one can af- 
ford to purchase any other. 

We are willing and anxious to substantiate all we claim for 
our battery, at any time, by actual tests. 

We have now installations which have been in constant use 
for months, and the cells are as perfect now as when first in- 
stalled. 

Two installations out of a large number which we have made 
are illustrated in the accompanying cuts. Although they are 
small plants, considerable interest attaches to them. 

Fig. 4 gives a view of the installation at Prof. Elisha 
Gray's laboratory, Highland Park, 111. The current is util- 
ized in lighting Prof. Gray's residence, and for experimental 
purposes.. 

Fig. 5 illustrates an installation at the factory of the West- 
ern Electric Company, Chicago, III, The current is employed 
in supplying about seventy-five 50-volt incandescent lamps in 
the offices at times when the workshops and engines are shut 
down, or the incandescent dynamos are not available for this, 
purpose. 
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CURRENT— AMPERE. 

A current of water is the rate of fhm> y or the intensity or 
the strength at which the water flows. We sav, for instance, 
the water flows through a pipe at the rate of one gallon per* 
second. Similarly the unit of electric current is one coulomb 
per second. This is the ampere or unit rate of flow, or unit of 
current strength, or simply the unit of current of electricity. 

In the case of the water flow, we have no single word to 
express the strength of the current, but have to speak of quan- 
tity and time. 






Difference of Potential and Electro- 
motive Force— Volt. 

The unit of electric pressure, or electromotive force or dif- 
ference of potential, is called the volt. We speak of an elec- 
tromotive force of so many volts as we might speak of a head 
of water of so many feet, or of a steam pressure of so many 
pounds to the square inch. Water may fall from a higher to 
a lower level, a certain vertical distance, say of ten feet, so 
of electricity it is said to fall through a difference of potential, 
of say ten volts. 

There is a difference in the meaning of the terms " differ- 
ence of potential" and " electromotive force," although in 
most cases these two terms are equivalent. In the case of a 
water standpipe, the height or head of the fluid would be the 
" potential" and the difference between head and lower level the 
"difference of potential" while the tendency to flow produced 
by the potential would be the "electromotive force." 






RESISTANCE— OHM. 

A pipe of small diameter offers a greater resistance to the 

flow of water than a pipe of larger diameter. So a wire of 

small diameter offers more resistance to an electric current than 

a wire of large diameter. If we double the cross section of a 

wire we halve its resistance. If we double the length of a wire, 



I 



12 



DETROIT STORAGE BATTERY 



we double its resistance. If we double the cross section and 

double the length of a wire, the resistance remains the same 

This law may be expressed thus: 

For a wire of a given substance the resistance is directly 

proportional to the length, and inversely proportional to the 

cross section. The unit oi electrical resistance is called an 
olim. 



OHM'S LAW. 

Ohm's law expresses the relation of the three units, am- 
pere, volt and ohm to each other. The law states that the cur- 
rent strength in any circuit is directly proportional to the elec- 
tromotive force and inversely proportional to the resistance. 
This law may be expressed in an equation, viz: 



Current in Amperes 



Electromotive Force in Volts. 
Resistance in Ohms. 



This equation is generally written in symbols thus 



E 



(i) C 



R 

€ denoting current strength: E, electromotive force; and R 
resistance. 

This law mav also be written: 



(2) E=C X R 



or 



E 



J) R 



C 



Bodies in which the electric current moves freely are called 
conductors, and those in which it does not move freely are 
called insulators. There is, however, no substance so good a 
conductor as to be devoid of resistance, and there is no sub- 
stance of so high a resistance as to be strictly a non-conductor. 

In the following list, the substances named are placed in 
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order, 

list: 



each conducting better than those lower down on the 









Best 



-\ 



I 



Conductor 
Silver 

Copper 

Gold 

£_^ [ 1 1L » t • 4 • •• 

Platinum. . . 

Iron \ Good Conductors 

Lead 

Mercury . . . 

Charcoal . . . 

Acids 

Water 

The body. . 
Cotton 

Dry wood . . }> 

Marble 

Paper 

Oils 

Porcelain. . . 
Wool 



Partial Conductors. 






Silk 

Resin 

Gutta Perch a 

Shellac 

Ebonite. . . . 
Paraffin .... 

Glass 

Dry Air. . . . 
Worst Conductor 



Non-Conductors or Insulators. 






J 



GONDUGTIVITY. 

Conductivity is the inverse of resistance. The term ex- 
presses the capability of a substance to conduct the electric 









current. If Co is the conductivity of a substance 



Co 



is its 



resistance, and if R is the resistance of a body, 



is its con 



R 
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ductivitv. Good conductors of heat are also good conductors 

of electricity. 

The figure which indicates the relation between one sub- 
-tance and another as to their capacity to conduct electricity is 



called, " relative conductivity." Taking the relative conduc- 
tivity of silver a> ice, that of pure copper is 96. The "specific 
resistance " of a substance is the reverse of its relative conduc- 
tivitv. The specific resistance of a substance is generally 
expressed as the resistance of a centimeter cube of that sub- 
stance in thousand -mi llionths of an ohm. The following 
table gives the data for a few metals: 



Bui tunce. 



Specific 
Resietan e. 

Silver 1,609 

Copper, 1,642 

Gold 2,154 



Relative 
Conductivity. 



ICO 

96 

74 



Iron (soft 1. 9,827.... 16 

Lead 19.^47 8 

German Silver 21,170 

Mercury (liquid ) 96,146 

The specific resistance of copper is therefore: 



"•5 
1.6 



1 . 6 4 2 



Ohms, or T.642 microhms.* 



i ,ooo,cc 



000 



♦The prefixes u meg M and M micro' denote million and millionth 
a megohm equal? 1 000,000 ohms, a microhm equals 

of an ohm. 

] ,000,000 



For example, 




•nrl;. E^neimy, ffeat— Jcule. 



As a quantity of water moving from a higher to a lower 
level will do work, so also will a quantity of electricity falling 
through a difference of potential. The mechanical unit of 
work is the foot-pound. If we raise one pound one foot, we 
do one foot- >und work. It makes no difference whether we 
perform this work in one minute or in one year; we may do 
our work at different speeds. So in electricity, one coulomb 
falling one volt io any It %th of time is the unit o'f electrical 
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work, and is called the volt-coulomb or the joule. As the en- 
ergy of a body is measured by the work it can do, and heat is 
only another form of energy, the same unit is used for work, 



energy and heat. 





Joule's law may be stated as follows : 

The current squared, multiplied by the resistance, multi- 
plied by the time, equals the electrical work. This may be 
written in the form of an equation/thus: 

(4) W=C 2 X R X t, in which W is the work in joules, 






the current in amperes, R the resistance in ohms, and t, the 
time in seconds. 



According to Ohm's law, R 



E 



If this value of R is sub- 



C 



\Y 



stituted in formula No. 4, we obtain this result : 

E 

=C 2 x — x t 

C 

(5) Or W=C X E X t, or in words, the work in 
equals current in amperes multiplied by electromotive 
i volts multiplied by time in seconds. 

Q Q 

As i -= — (Formula No. 9) we get W= — X E X t 



joules 
force 



t 

( )r W=Q x E=Coulombs X volts 



t 




Watt. 

In practice we want to know at what rate we can do a cer- 
tain amount of work. The rate of doing work is called power. 
Jn mechanics we use the horse power as unit, which is the 
>rk done by raising 33*000 pounds one foot in one minute, or 
550 pounds one foot in one second, or one pound 550 feet in 
ne second, etc. The electrical unit of rate of doing work is 
when a coulomb of electricity falls through one volt in one 
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second, or as one coulomb per second is one ampere, we may 
say the electrical unit of power is when electricity falls through 

one volt at the rate of one ampere 

We may arrive at the same result in this way: Power equals 

the work divided by the time. In Formula No. 6 we have 

W=0 x E. The quantity divided by the time is C, hen 
ower=C x E. This unit of power is called the volt-aim re, 
r the watt. One watt equals T ^ o* a horse power, or one 

horse power equals 746 watts. H i< e we may express electrical 

work thus : 

Watts 

-) Horse powers <>r Watts=H. P X 74<^ 



■ — 
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As one v tl 1- the product of te ampere and one volt, it 
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-all current : ■ d high eh rornotive for* For 
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coulombs. Of course we can get 3,600 coulombs of electricity 
in any desired time; it all depends on the rate of flow or the 
current strength in amperes. For instance, 2 amperes in 
hour, or 4 amperes in % hour will also, give one ampere-hour 
or 3,600 coulombs. 

It is well to keep the difference between coulombs and am- 
peres in mind, as even in hand-books, very lately published, 
these units are confounded. To still better illustrate the dif- 
ference between coulombs and amperes, we will give another 
example : It is sometimes estimated that the quantity of 
electricity in a flash of lightning is ^ coulomb and the duration 
of the discharge ^-^00 part of a second; what is the current m 
amperes ? According to equation No. 2 we get 

1 X 20,000 
C^ =2,000 amperes. 



Take another example : A storage battery is said to have 
a capacity of 400 ampere-hours. That is to say, it may be dis- 
charged at the rate of, say, one ampere for 400 hours, or at 
the rate of 400 amperes for one hour. The maximum rate of 
discharge is generally given by the manufacturer. Supposing 
this to be 40. amperes, we could discharge the battery at this 
rate for 10 hours. 




The measure to hold a gallon of water, may be called the 
gallon measure. The capacity of a condenser, which would 
< ontain a charge of one coulomb under one volt pressure is the 
farad. It may seem strange that we should have a unit of 
quantity and another of capacity to hold that quantity, when 
in the case of water the term " gallon " may suffice for the 
sure and the liquid it can hold. Electricity in this 
respect, however, corresponds to a compressible fluid or a 
as. A gallon measure may hold a gallon of gas or ten; it 
depends entirely upon the pressure. So a condenser of a cer- 
tain size may hold any number of coulombs, according to 
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the electrical pressure. The farad being inconveniently large 
for practical use, one millionth of a farad, called a microfarad, 
is generally adopted. 





GENERAL REMARKS. 

Storage batteries, also called accumulators or secondary 
cells, are used for the storage of electrical energy. In charg- 
ing these batteries bv means of an electrical current a chem- 
ical change in the cell is produced; in discharging them the 
chemical process is reversed, and an electric current is 
generated. 




6. oi b bry. (\ from above | 



- >rag< cell consists >f three parts, i mely: The electrodes 
th( he liquid. The el< s E E in Fig. 6 consist of a 

large iiimbcr positive and negatn plat generally made of 



lead, which are grouped with little spaces between them in 
such r th.it a sitive plate is always inclo lb] two 

ik I ive pi 
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The positive plates in Fig. 6 are marked +, the negative 
plates— . The plates are kept in their re jective p< tions, 

and prevented from touching each other by interposing pi S 

of on-< nducting material. The plat 4 the ne trity 

are solidly connected by means of metal (lead) straps. 1 be 
end of these straps terminate in conne * ] 

positive and negative poles of the Storaf I. The jar 

generally of glass or hard rubber, or Oth " n 

wh'K can >t he destroj 1 sulphurii I I [ 

whirl, nearly fills the jar and 1 rs t! C i, is 

iulphuric acid. The positi re plates are 1 overed 

id, while the negative pi [l { l l 

When the bati is 1 hai P i)r 

color, while the m * : c lead) 

The < : mi produi I b . the harge 
cell, is mainl) 1 au I b] th< I < I on 

lead, and b} ! p trti 'I I dU( if I ' '■ 

GROUPING OF- CELLS. 

A sin; a< 1 umul itor is 1 ill la toi 1 I, 

rhe gi ' lls ' ^ ' 

b tery, or, foi short, 1 1 T m. f., ol II 

I 



color 



a cell. 
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2 to the negative pole of cell No. 3, etc. When all the cells 
are connected in a battery, there will be two unconnected poles 
left, namely, the negative pole of cell No. 1 and the positive 
pole of the last cell (see Fig. 7). In representing batteries in 
diagrams, a series of short, heavy perpendicular lines alternat- 
ing with longer light lines, is generally used. The long light 
line represents the positive pole, and the short, heavy line, the 
negative pole of the battery. 

The number of cells to be connected, depends upon the e. 
m. f. required. Supposing we wish to run fifty-volt incan- 
descent lamps from the battery; as the minimum e. m. f. of 
one cell in discharging is 1.9 volts, we must connect as many 



cells as the quotient of 



5" 



26.3, or 27 cells. We must count a 



1.9 



fraction as a whole cell. For 100 volt lamps we would require 



100 



53 cells. These calculations however, do not take into 
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The best dynamo for charging storage batteries is the 
shunt dynamo. Compound or series self-exciting dynamos are 
not so well adapted. The e. m. f. of the dynamo must be 
higher than the maximum e. m. f. of the battery when being 
charged. This e. m. f. is about 2.5 volts per cell. To charge 
for instance, 30 cells connected in series, it would require a 
dynamo with a maximum e. m. f. of at least 30x2.5=75 volts. 
The e. m. f. of the cells is gradually increasing when they are 
being charged ; a rheostat should be connected in the field 
of the shunt dynamo to regulate the strength of the charging 




current. 



ACCESSOHT 

Fig. 10 represents the connections between dynamo, battery 
and lamps. This system makes it possible to connect the 
lamps either with the battery or with the dynamo, or with both 
at the same time ; it is also possible to mnect the dynamo with 
the battery only. One binding post of the dynamo is con- 
nected to the polarized automatic cut-out C r This cut-out 
will break the circuit if the current should be reversed. By 
means of switch S u the dynamo can be connected either to the 
lamp circuit or to the battery. Switch S, makes it possible to 
connect the storage ittery either with the dynamo or with the 
lamps. S is a switch to cut in or out from one to three cells in 
order to regulate the e. m. f. of the battery. 

The a natic cut-out C opens when the current becomes 
too strong. The ammeter A shows the current strength when 
the battery is being charged or discharged ; it is preferable to 
have it also indicate the direction of the current. The volt- 

ter V shows the e. m. f. of the battery. It is advisable to 
connect A' also to the dynamo, so that by using a little two- 
way switch the e. m. f. of either battery or dynamo 1 ty be 
read, A voltmeter should be used (by means of a system 
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>i switches) to ascertain thee. m. f. of each individual cell. 
This voltmeter ought to read from zero to three volts and 
be calibrated into hundredths of a volt. The condition of 
the cells can also be ascertained by the hydrometer. 1 ne 
hydrometer (or, as called for this purpose, the acidrometer), 
consists of a glass tube similar to that of a thermometer the 
bulb of which is filled with fine shot. This apparatus will float 
in the fluid in a vertical pos tion, and will sink deeper, or rise 
.her, according to the ch ges in the density of the fluid ; 
this density may be read in < agrees on a scale fastened to the 
upper part of the hydrometer. E h cell should be provided 
with a hyd meter. 

CHARGING STORAGE BATTERIES. 

First start the c lamo and see at the e. m. f. is higher 
than that of the accumulators. \ en the charging is com- 
pleted, first switch out the ace ■■-, then cut out the dy- 

Before charging the battery for the first time, ascertain 
which is the positive binding post of the dy mo, and whether 
the positive binding post of the dynamo connects to the pos- 
itive pole of the battery. If this is correct, ascertain which is 
the north pole of the dynamo; in the n ular run a compass 
will then at once show if the dyn; no has b ome reversed 
The current strength should never excei the maximum given 
by the manufacturer. (Seethe p e-list pa -.) If the charg- 
"' rren Uoo great, the cells would 1 at too much The 
temperature of the cells should never exceed 80" Fahrenheit 
the e. m. f. of a cell when , e charging commences, is 
about 2.2 volts, and rises gradu, j to 2.5 volts. The first 
hargmg hould be continued I : 4 to 36 consecutive hours 
or unt.l all plates have been fn lS for three 

h irs. The chargmg t on no aco b stopped for the 

t twelve hours. A h; met u ,ld |„ ase d to read the 

cfic grav«ty of the liquid, whi, h should be ,,200 when fully 
^arged. Cells must not be , se d hermetically when being 



DETROIT STORAGE BATTERY. 
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t)iscl|ai|giiig ^tcijage "BattEijiEs. 

The rate of discharge in amperes should never exceed the 
maximum given by the manufacturer. (See price-list page.) 
Large cells can be discharged at a more rapid rate than smaller 
ones. The e. m. f. of a cell, when it commences to discharge, 
is about 2 volts. The e. m. f. sinks first very slowly and grad- 
ually, and then very suddenly. The latter indicates an ex- 



haustion of the cells, a condition which should never be 
allowed. The e. m. f. of a cell should never sink below 1.9 volts 
To keep the e. m. f. of a battery constant the apparatus S, 
Fig. 5, or artificial resistance is employed which is put in the 
lead and may be gradually switched out. 

C^E 0F 3T6RH6E BTJWERIE^. 

Cells must be kept free from dirt; contacts between cells 
must be clean and tight. Brass or copper parts near the bat- 
tery must be protected by a coat of paraffin oil against the 
action of the acid. The volume of the fluid decreases by evap- 
oration and by the throwing out of particles by the gas bubbles. 
The latter cause of decrease can be prevented by covering the 
cells with glass plates, or by pouring a layer of paraffin or par- 
affin oil to the depth of half an inch over the fluid. The fluid 
should be kept at least one-half inch above the plates. . If the 
level sinks simply from evaporation, pure water should be used 
for refilling; if acid has been lost also as described above, 
dilute acid of half the strength only of that used for the first 
filling should be used. Each cell should be tested with a volt- 






meter calibrated in 



100 



of a volt, and reading from zero to 



3 volts, and show the same e. m. f. ; a cell showing a lower 
e. m. f., should be examined for short circuits. The hydrom- 
eter should also be used to ascertain the density of the fluid, 
which is greatest when the cell is completely charged. Each 
cell should have its hydrometer permanently inserted. Accu- 
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